The LLNL Crystal Driven Neutron Source is operational and has produced record ion currents of ~10 nA and neutron output of 1.9 (±0.3) x 10 5 per thermal cycle using a crystal heating rate of 0. breakdowns along the side of the crystal and poor emitter tip characteristics can limit the neutron source.
production. The crystals after heating or cooling, and assuming no charge losses (i.e. ion emission, parasitic electrons, etc.), can reach a potential very roughly given by the 1-D estimate V=KA∆T/(C cr +C g ) [5] , where C cr is the capacitance of the crystal and C g is the stray capacitance in the gap between the front of the crystal and the target. A is the front surface area of the crystal, and ∆T is the crystal temperature change.
Practically, "pyrofusion" neutron sources could potentially be made very small with little high voltage equipment, and could for example, potentially be used for active interrogation of materials in the field.
In this work, we present first results form the LLNL Crystal Driven Neutron Source (CDNS) experiment based on the pyroelectric effect. The goal of the CDNS project is to extend the work done previously and ultimately raise the D-D neutron output from ~10 3 n/s to ~10 6 n/s by, for example, increasing the beam energy and current using different crystal configurations. Pulsed neutron emission is also desired. The beginning project objectives are to extend and reproduce the previous results from ref [1] using a more experimentally flexible crystal assembly and start to verify pyrofusion system models. To these objectives, the CDNS is operational and has produced record ion currents of ~10 nA, neutron flat-tops ~170 s long at 924 ± 141 n/s, and total neutron output of 1.9 (±0.3) x 10 5 per thermal cycle. This is compared with neutron outputs of 8.5 x 10 4 per cycle and 5.9 x 10 4 per cycle from ref [1] and [3] with peak currents of ~4 nA in ref [1] . The heightened neutron output and ion current is achieved by extending the thermal cycling range of the crystal from ~40 o C to ~100 o C in a controlled manner using a novel modular crystal assembly with feedback temperature control and configured for rapid changing of field emitters. Additionally, basic pyroelectric charge measurements were also performed and agreed with predictions. Lastly, it is found that the neutron emission and run reproducibility can be susceptible to HV breakdowns and field emitter tip condition.
II. Experiment Setup
The present experimental setup primarily consists of a Kimball Physics 8.4" diameter spherical chamber with an array of modular beam and nuclear diagnostics, and a novel crystal assembly with a feedback controlled thermoelectric heater/cooler (TEC). The experiment has several primary diagnostics. The first consists of a Faraday cup for ion beam measurement and has a fully deuterated erbium (ErD 2 ) target mounted in it, similar to ref [1] and shown schematically in Figure 1 . The target has a 0.5 µm thick layer of erbium with an estimated deuterium loading between 1.95 and 2.05 based on analysis of other targets produced using the same setup and procedures [6] . Using an erbium density of 9 gm/cc and a deuterium loading of 2, the deuterium number density of the deuterated erbium film is 6.5 x 10 22 /cc. The cup or target plate is biased at 54V to capture secondary electrons [7] and is 0. 
III. Operating Results
The first set of experiments simply involved a direct charge measurement in air (1 atm) using the Keithley 6514 electrometer. The Coulomb probe was placed in direct contact with the front of a crystal which had a 2.8 cm diameter copper plate mounted to its face using vacuum silver epoxy instead of the more complex platinum coating described in Section II. The backplate in this preliminary setup was also mounted with the same epoxy. The TEC was ramped as quickly as possible from room temperature to a specific set point, and ramped back down after thermal equilibrium was reached. The detected charge was >90% of the expected value, based on 190 µC/m 2 -0 C. Figure 3 plots the measurement. The finite rise time of the curves is due to the thermal diffusion time of the crystal, estimated as~100 s.
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The total number of measured neutrons from t=0 to t=600 s, after background subtraction, was 578 ± 43.
This gives a total source neutron output per thermal cycle of 1.9 (±0.3) x 10 5 neutrons. Assuming a mesh transparency of ~85%, a peak current of ~9.5 nA was recorded for this run. These results extend the beam current and neutron output of previous work by a factor-of-two.
For comparison, Figure 5 plots another ~3 mTorr D 2 run using the preliminary crystal setup described in the charge measurement experiment. The field emitter tip apex in this case was only ~1.4 cm from the grounded mesh. The tip was not mounted using a socket and had an apex ~0.4 cm above the crystal. A slower ramp rate and shorter temperature swing was also used. This run resulted in greater measured current, ~10 nA, but lower beam energies at~35-40 keV. Very few neutrons above background were detected for this run due to the low beam energy.
The enhanced electric field at the tip apex for both of the above runs should have been greater than ~100
MV/cm, based on field enhancement factors extrapolated and estimated from ref [8] . the second run could be due to higher collection efficiency, since the beams are expected to be divergent.
The lower potential or beam energy could be partly due to an increase in stray capacitance, or C g , as the crystal is closer to the ground mesh, and also charge neutralization due to any electrons pulled from the mesh or target. During the cooling portion of the thermal cycle for the numerous runs performed, electron emission was seen as expected. A systems modeling effort is underway to simulate and understand these experimental data.
Reproducibility of runs is complicated by changing field emitter tip condition and high voltage breakdowns. Each time a breakdown occurs, the beam collapses and the effective available charge on the crystal is changed. Breakdowns occur easily as the electric fields between the front and back of the crystal are on the order of ~100 kV/cm, easily exceeding the typical DC surface breakdown fields of ~20 kV/cm [10] . Figure 6 
IV. Conclusion
We have shown a factor-of-two increase in ion current and neutron output in the LLNL CDNS experiment over previous pyrofusion work. This was achieved by increasing the temperature swing of the pyroelectric crystal in a controlled feedback manner using a novel crystal assembly. The incorporation of feedback temperature control, socket mounts for rapid changing of field emitters, and the ability of the assembly to traverse the beam axis permits maximum experimental flexibility. In general, flashover breakdowns and poor emitter tip conditions were found to affect the reliability of the source. We are now working on applying high voltage engineering methods such as corona rings, and accelerator techniques to reliably UCRL-JRNL-233604 11/11/07 7 achieve greater voltage and beam currents in order to increase the D-D neutron emission from ~10 3 n/s to ~10 6 n/s. diameter shank is visible but the tungsten tip and its apex is not due to its small radius. The socket mount design shown here is slightly different than the one described in Section II.
